Oyster shells have received attention for use as a calcium resource. For this study, calcium phosphate was prepared from phosphoric acid and oyster shells. The influences of the concentration of phosphoric acid and pH in the preparation conditions were studied from the yields of calcium phosphate and unreacted carbonate, and the Ca/P ratios in precipitates. The yield of calcium phosphate and carbonate was low in the preparation condition with 0.1 mol/l of phosphoric acid. The obtained precipitates were the mixture of calcium hydrogen phosphate dihydrate and the unreacted calcium carbonate. The reactivity of the oyster shells with phosphoric acid was discussed from the yields and Ca/P ratios in precipitates.
Introduction
Recently, interest in the recycling of waste materials is increasing. From this viewpoint, seashells have been used as a raw material for various applications [1, 2] . Generally, edible parts of shellfish are few. Therefore, large amounts of waste material are produced from shellfish processing. Because seashells are easy to gather, they are suitable for use as a raw material. To date, seashells that are light with little pigment, for example scallops, have been used as a calcium resource [3, 4] . Nevertheless, it is difficult to use seashells that are dark and which have much pigment.
Calcium phosphates are important materials for many applications, such as ion exchangers, adsorbents, and so on [5, 6] . Calcium phosphates were prepared from sea urchin shells and artificial phosphorus waste fluid in earlier studies [7, 8] . The obtained precipitates' main component was CaHPO 4 ·2H 2 O. The precipitates containing organic coloring materials were obtained in the process with the sea-urchin shell heated at lower temperatures as a pretreatment. Sea urchin shells have overly strong coloring materials. In contrast, corbicula and oyster shells were expected to produce calcium phosphate with fewer coloring materials [9] . In previous work, corbicula shells were used to prepare calcium phosphate [10] . The corbicula shells with and without heating reacted with phosphoric acid to calcium hydrogen phosphate dihydrate. Oyster is one of the popular seafoods in all over the world. Therefore, the oyster shells are easy to gather, these oyster shells have a possibility to use as one of calcium resource.
In this work, we tried to use this oyster shell as a calcium resource to prepare calcium phosphate. The concentration of phosphoric acid and pH value were varied to clarify the formation mechanism of calcium phosphate. The chemical composition and powder properties of precipitates were investigated. The obtained phosphate materials were also assessed for the comparison with calcium phosphate prepared from phosphoric acid and commercial calcium carbonate.
Experimental
Oyster shells were washed and milled to a powder condition. Half were heated at 400˚C for 1 hour. The shell powders without heating and heated at 400℃ were mixed with 0.1, 0.05, and 0.01 mol/l of phosphoric acid in the ratio of Ca/P = 1, 2, and 10, respectively. At this time, the weight of oyster shells was calculated as that of calcium carbonate. These solutions were adjusted with ammonia water to pH 5, 7, and 9. The precipitates in these solutions were filtered off and dried. For comparison, commercial calcium carbonate was reacted with phosphoric acid in the same conditions as those used for oyster shells.
A part of the precipitates was dissolved in hydrochloric acid solution. The ratios of phosphorus and calcium in the precipitates were also calculated from ICP results of these solutions, using SPS1500VR, Seiko Instruments Inc. XRD patterns of materials were recorded on a Rigaku Denki RINT 2000 X-Ray diffractometer using monochromated CuKα radiation.
Furthermore, the powder properties of the obtained precipitates were estimated from the particle shape and size distribution. Scanning electron microscopy (SEM) images of samples were observed using JGM-5510LV, JEOL Ltd. The particle size distributions of these materials were measured with laser diffraction/scattering particle size distribution HORIBA LA-910.
Results and Discussion

Preparation of Calcium Phosphates
The phosphorus-rich solution disturbs the water environment at many points in the world [11] . Therefore, in this work, the concentration of phosphoric acid changed to a lower one to prevent the phosphorus-rich filtered solution. At low phosphoric acid concentration, not all of the oyster shells were able to react with phosphoric acid. Table 1 presents the yields of precipitates obtained in various conditions. This yield was calculated on the assumption that the obtained precipitate was a mixture of CaHPO 4 ·2H 2 O and CaCO 3 . The yield of calcium phosphate and carbonate was low in the preparation condition with 0.1 mol/l of phosphoric acid. On the other hand, the yields in the conditions with 0.05 and 0.01 mol/l of phosphoric acid were higher than those with 0.1 mol/l of phosphoric acid, because of the unreacted calcium carbonate and insoluble part of oyster shells. The yields became lower by the reaction with phosphoric acid. Oyster shells without heating indicated high yields by using 0.01 mol/l of phosphoric acid, because this condition was unsuitable to react with phosphoric acid. In the whole, oyster shells indicated the lower yields of calcium phosphate than corbicula shells reported in previous work [10] . The conditions of corbicula shells with heating and 0.1 mol/l of phosphoric acid indicated over 90% in the yields. Oyster shells had the different behavior in the reactivity with phosphoric acid from corbicula shells.
The ratio of CaHPO 4 ·2H 2 O and CaCO 3 in precipitates was estimated from Ca/P ratio in the results of ICP measurements. Table 2 shows Ca/P ratio in precipitates from ICP results. The theoretical Ca/P ratio was 1, 2, and 10 in the cases with 0.1, 0.05, and 0.01 mol/l of phosphoric acid, respectively. The Ca/P ratio in CaHPO 4 is 1, therefore the difference from this ratio was related with that the precipitates contained calcium carbonate. Samples prepared with 0.05 and 0.01 mol/l of phosphoric acid had smaller ratio of Ca/P than theoretical ratio. When oyster shells were difficult to react with phosphorric acid, the Ca/P ratio became large from the unreacted calcium carbonate. Because the calcium ratio was lower than theoretical ratio, the initial calcium ratio in oyster shells was low. In the conditions of 0.1 mol/l of phosphoric acid, the oyster shells heated at 400˚C indicated the higher ratio of Ca/P than those without heating. In previous paper about corbiculla shells, these calcium ratios in precipitates prepared from corbicula shells indicated the similar Ca/P ratios with the theoretical ratios [10] . Oyster shells had the different behavior on these Ca/P ratios from corbicula shells. Seashells had the various kinds of the reactivity with phosphoric acid. Figure 1 portrays XRD patterns of samples prepared in various conditions. Samples prepared with 0.01 mol/l of phosphoric acid indicated the weak unknown peaks (Figure 1(c) ). Because the large amount of calcium carbonate was included in samples prepared with 0.01 mol/l of phosphoric acid from Table 2 , these peaks were related with calcium carbonate. Other samples prepared with 0.05 and 0.1 mol/l of phosphoric acid had XRD peaks of calcium hydrogen phosphate dihydrate (Figures  1(a), (b), (d) ). From the yields and the Ca/P ratios, these samples included a certain degree of calcium carbonate. However, the peaks of calcium carbonate were not observed in these XRD patterns.
Powder Properties of Precipitates
Figure 2 presents SEM images of samples prepared in various conditions. Samples had the mixture of plate-like and oblong particles in spite of the concentration of phosphoric acid, the heating condition of oyster shells, and pH in the preparation condition [12] . The ratio of the oblong particles increased in samples prepared with 0.01 mol/l of phosphoric acid, because of the high Ca/P ratio in precipitates. Figure 3 shows the particle size distribution of samples prepared in various conditions. Samples prepared with 0.05 and 0.1 mol/l of phosphoric acid and oyster shells without heating had the smaller particles than 100 µm (Figures 3(a) and (b) ). These samples indicated the similar yields and Ca/P ratio (Tables 1 and 2) . On the other hand, sample prepared with 0.01 mol/l of phosphoric acid and oyster shells without heating had the large particles than 100 µm (Figure 3(c) ). Because this sample had high Ca/P ratio ( Table 2) , these large particles contained a certain degree of calcium carbonate. Sample prepared with 0.1 mol/l of phosphoric acid and oyster shells with heating had the medium particle size distribution ( Figure  3(d) ). The particle size distribution of samples was affected from their yields and the Ca/P ratio in the precipitates. 
Conclusion
Calcium phosphates were prepared using oyster shells and phosphoric acid. The reactivity between oyster shells and phosphoric acid was estimated from the yield of calcium phosphate and carbonate and the Ca/P ratio in precipitates. The yields in the conditions with 0.05 and 0.01 mol/l of phosphoric acid were higher than those with 0.1 mol/l of phosphoric acid, because of the unreacted calcium carbonate and insoluble part of oyster shells. The obtained samples prepared with 0.1 and 0.05 mol/l of phosphoric acid indicated XRD peak pattern of calcium hydrogen phosphate dihydrate. Samples prepared with 0.01 mol/l of phosphoric acid included a large amount of calcium carbonate.
